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PARTICLE INTERACTIONS
AT THE HIGHEST ENERGY
EVER SEEN

ORIGIN OF HIGHEST-ENERGY
PARTICLES IN THE UNIVERSE

PARTICLE TYPE IS THE KEY !

? ?



4 Cosmic Rays - Charles Timmermans

STATE-OF-THE-ART: FD
ENERGY, DIRECTION & PARTICLE 
TYPE

XMAXUSING FLUORESCENCE LIGHT 
S(XMAX) = 20 G/CM2

COSMIC RAY

XMAX

MIRROR

CAMERA

ONLY IN DARK NIGHTS
10% DUTY CYCLE

# PARTICLES

50X60 KM = DUTCH PROVINCE

PROCEEDINGS OF THE 31st ICRC, ŁÓDŹ 2009 1

Performance and operation of the Surface Detector of the Pierre

Auger Observatory

T. Suomijärvi ∗ for the Pierre Auger Collaboration †

∗Institut de Physique Nucleaire, Université Paris-Sud, IN2P3-CNRS, Orsay, France
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Abstract. The Surface Array of the Pierre Auger

Observatory consists of 1660 water Cherenkov detec-

tors that sample at the ground the charged particles

and photons of air showers initiated by energetic cos-

mic rays. The construction of the array in Malargüe,

Argentina is now complete. A large fraction of the

detectors have been operational for more than five

years. Each detector records data locally with timing

obtained from GPS units and power from solar

panels and batteries. In this paper, the performance

and the operation of the array are discussed. We

emphasise the accuracy of the signal measurement,

the stability of the triggering, the performance of

the solar power system and other hardware, and the

long-term purity of the water.

Keywords: Detector performance, Surface Detector,

Pierre Auger Observatory

I. INTRODUCTION

The Surface Detector (SD) of the Pierre Auger Ob-

servatory is composed of Water Cherenkov Detectors

(WCD) extending over an area of 3000 km2 with 1500 m

spacing between detectors. In addition to the detectors

in the regular array, some locations of the array were

equipped with two and three nearby detectors, placed

at ∼10 meters from each other. These ”twins” and

”triplets” provide a very useful testbench for studies

of signal fluctuation, timing resolution and energy and

angular reconstruction precision. Combined with the

HEAT telescopes and the AMIGA muon detector array,

a denser array of WCD with detector spacing of 750 m

has also been deployed. The total number of detector

stations is 1660. The hardware of the surface detector is

described extensively in [1], [2].

Installation of detectors started in 2002 and the Ob-

servatory has been collecting stable data since January

2004. The construction was completed in June 2008.

Figure 1 shows the current status of the array.

The Observatory has been running now with its full

configuration for nearly one year and its commissioning

is completed. The failure rates of various components

have been assessed and the Surface Detector is now

entering into a regular long term operation and main-

tenance phase. Some detectors have been operational

already for more than 8 years which permits the study

of their long term performance. In this paper, after a

short description of the Surface Detector, the detector

response and uniformity, its acceptance and long-term

Fig. 1: Current deployment status of the array. Tanks

within the shaded area are filled with water and in

operation.

performance, and finally its operation and maintenance

are discussed.

II. DESCRIPTION OF THE SURFACE DETECTOR

Each WCD consists of a 3.6 m diameter water tank

containing a Tyvek R© liner for uniform reflection of

the Cherenkov light. The liner contains 12,000 l of

ultra-high purity water with resitivity typically higher

than 5 MΩ.cm. Three nine-inch-diameter photomulti-

plier tubes (PMTs) are symmetrically distributed at a

distance of 1.20 m from the center of the tank and

look downwards through windows of clear polyethylene

into the water to collect the Cherenkov light produced

by the passage of relativistic charged particles through

the water. The water height of 1.2 m makes it also

sensitive to high energy photons, which convert in the

water volume. A solar power system provides an average

of 10 W for the PMTs and the electronics package

consisting of a processor, GPS receiver, radio transceiver

and power controller.

The signals produced by the Cherenkov light are read

out by three large 9” XP1805 Photonis photomultipliers.

The PMTs are equipped with a resistive divider base

having two outputs: anode and amplified last dynode [3].

This provides a large dynamic range, totaling 15 bits,
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AUGER COMBINED FITS 
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AUGERPRIME

Jörg R. Hörandel - RD status - March 2023

Many RD items are already in Malargüe:  

•solar panels - 2000 units
•antenna arms - 6800 parts
• ropes (6 km) and tensioners for the mast
•Al tubes for frame - 13600 parts
•Al plates and antenna foot - 8500 parts
•small parts, u-bolts, nuts, screws, … ~400000 pieces
•housings for digitizers - 2000
•pigtail cables for the LNA - 4000
•housings for LNAs and bottom loads - 12000 parts
•glass fiber antenna masts - 1700
• ferrites - 8500
•mounting brackets for solar panels - 3400 pieces
•L-ground bracket inside the dome - 1700 pieces
•bottom load PCBs - 2000 pieces
•signal cables inside mast - 3400 cables
•fixtures to assemble ferrites - 24 units

9

Pierre Auger Observatory – Radio Detector

PRR electrical components

Production Readiness Review – Radio Detector
Electrical components

Roy Bakker, Peter Dolron, Tomas Fodran, Ugo Giaccari, Jörg R. Hörandel, Tim Huege, Roel
Jordans, Julian Rautenberg, Sjoerd Timmer — January 21, 2022

1 RD PRR

Objective of the Production Readiness Review (PRR) is, according to the Project Management
Plan:

6.4 Production Readiness Reviews
Subsequent to the Critical Design Review and before fabrication of components is started, a
Production Readiness Review is held (at the production site if practical). The review covers work
procedures, the quality plan, tooling readiness, packaging, shipping and production schedule.

Al arms of antenna

glass fiber 
antenna mast

ropes and tensioners

Al tubes of frame

Al plates of frame

LNA housing

bottom load housing

Figure 1: Schematic view of an RD station.
The main components are identified.

The PRR for the RD has been split in two parts:
1 – mechanical parts and 2 – electrical components.
The PRR for the mechanical parts has been suc-
cessfully completed in spring 2021 and most of the
mechanical parts have been delivered to the Ob-
servatory already. The remaining mechanical parts
are in production and will be shipped to the Ob-
servatory in April 2022.

The figure illustrates the set-up of an upgraded sta-
tion of the Pierre Auger Surface Detector.

In particular, already in Malargüe are:
– the antenna arms (the circular structures),
– ropes and tensioners for the mast,
– the AL tubes of the frame,
– the Al plates, including the antenna foot,
– various small parts, like u-bolts, nuts, etc,
– the housing of the digitizers (inside the dome),
– pigtail cables for the LNAs.

Currently in production are:
– the housings of the LNA and the bottom
load,
– the glass fiber antenna mast,
– the mounting brackets for the solar pan-
els,
– the L-ground bracket inside the dome.

v0.1 – January 21, 2022 1
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Jörg R. Hörandel - RD status - March 2023 14

important step for RD: Mass deployment has started!

mass deployment  
frame, SALLA, LNAs, cables, solar panels, grounding L
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AUGERPRIME
Status of the deployment of UUBs and small PMTs
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AUGERPRIME DATA

Universe 2022, 8, 579 7 of 20

Figure 4. (Top left) scatter plot of Xmax and Fµ, i.e., the observables used in the hybrid search for
photons using air-shower universality, for simulated primary photons (blue) and protons (red); The
contour lines enclose 90%, 50% and 10%, respectively, of the events. (Top right) distributions of the
Fisher discriminant f for simulated primary photons (signal, blue) and protons (background, red),
and for the burnt sample (black); the dashed red line marks the tail of the proton distribution; the
dashed blue line indicates the median of the photon distribution. (Bottom) the tail of the distribution
of f for the hybrid data sample (black dots); the dashed line represents the photon-candidate cut; the
shaded blue regions show the 1s, 2s and 3s uncertainty bands for background expectation. For more
details, see [24].

4.3. Search for Photons above 1019 eV with the Surface Detector of the Pierre Auger Observatory
In the energy range above 1019 eV, UHE photons are searched for among the data

collected with the 1500 m SD array of the Pierre Auger Observatory [25]. While the photon
search using SD-only data can profit from the large exposure due to the high duty cycle
of the SD, the lack of a corresponding fluorescence measurement for the bulk of the data
poses some challenges. For example, there is no direct measurement of Xmax available.
Additionally, the primary energy can only be accessed indirectly, using S(1000)—the
interpolated signal in the SD stations at a perpendicular distance of 1000 m from the shower
axis—as a proxy.

Two observables are used in this analysis, one related to the thickness of the shower
front at ground and one based on the steepness of the lateral distribution. These two
properties of an air shower depend on the type of the primary particle initiating the shower,
hence they can be used for photon–hadron separation. The first observable, D, is based
on the risetime t1/2 in the individual SD stations, which is defined as the time at which
the integrated signal in the measured time trace rises from 10% to 50% of its total value.
For showers of the same primary energy and zenith angle, t1/2 is expected to be larger for

Example of rich information in data of Phase II

29

  

Great physics potential in muons

Muon number Rµ

X m
ax

 (g
/c

m
2 ) 

(Auger, Universe 2022)



10 Cosmic Rays - Charles Timmermans

RD: INTERFEROMETRY
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RD: INTERFEROMETRY

SHOWER PLANE SHOWER TRACK

MAP THE POWER OF THE SUMMED WAVEFORM IN 4D
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GCOS 
The Global Cosmic Ray Observatory

GCOS homepage: http://particle.astro.ru.nl/gcos

Multi-messenger astroparticle physics beyond 2030
protons, nuclei, gamma rays, neutrinos, (gravitational waves)

World-wide initiative to build next-generation CR observatory

upcoming workshop, Brussel, June 2023: https://indico.iihe.ac.be/event/1729/

200 km

20
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40000 km2

3000 km2

Telescope Array 
TAx4

Pierre Auger Observatory
Pierre Auger observatory 3000 km2

Haverah Park 12 km2

AGASA 100 km2

Telescope Array 700 km2

TAx4 2800 km2

Volcano Ranch 8 km2

At present working to define precise science case and detector layout, aiming at least for two sites 
(northern and southern hemisphere), covering at least 50 000 km2

nested water Cherenkov 
detector

layered water Cherenkov 
detector

Discussing different detection 
concepts, like segmented water 
Cherenkov detectors combined with 
radio antennas,
complemented by fluorescence 
detectors
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GRAND

FIRST HARDWARE DEPLOYED AND FIRST DATA ARRIVING FROM CHINA AND ARGENTINA

ABOUT 20 SITES OF 10,000 KM2 !
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Much more about the Auger Radio detector by Mohit
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